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Almtrr.rt

ilsing data frolll the (jYGN[JS exten.qive air shilwtlr ,nrrny, we hnvc searcher-l for

eviclencv of emission of ultra-high-energy r;~tliiltltjn c{~inridtmt with y-ray bursts

~>lxwrved by the HA’I’SE instrument on tho (;{)IIlptI)II (i;unn~a-R~y observatory. ”

No striti.qticnlly significant excess was foun(l f~w i\n~ point in the sky within 4~

of BA1’Sf3’~ Imt locntion coordinntert for .IIIV 01”tlII* W bursts px~]ined. l+lr-
t hmmore, no events wwe seen in the 2,2” r:ulil~s rircuhw hin surrounding y-ray

h“lrst (;Rti 920720, wlmsc location wma (Iettmnlnwl mxurmtely by lhe (;tMIIp-
t,on/lllysses/ PV(> Interplanetary Network of :intollitm, Flux upper limits de-

pend gre~tl] on the Fx.turd zenith a.ngl~ IIf t.hm Imrst, ‘1’ypicid flumce ~lpptw
Iil:lits nhove !00 TcV nre * 1(I e t~rg cnl ?, ‘1’110llIImIce IIppcr limit fur (;1{.1)

!)20720 is 2 h 10 3 q cm ‘,



bursts had # f:: 60° and S(J were visible to the (-:Y(;NLTS array, [n addition.

we included tine burst ((l RB 92(172(1) whose hwati(m was well [Determined hv

the [llysses/(’,.~[ llpton/PV() [ntmplanetary 3ietw(wk5. \Ve seiir~hl’(1 for [-[II?
emission during the time i3ATSlI received !)(IVC of t.tle Ijllrst flIIx, rolln[le{l Ilp

t.{} the nearest second (hurs! durati~]ns vary from lilm(lreflths I() hun(lrmts ~~t’

seconds ).

Mcj!lcd _Q~5cnEch ‘rllr M bursts from the EIATS1; catA# have ]m location
~’rr{ms ranging from -1” to --2(.)0. However, lhe ~fvrs~gnnlp II(MWnot expert

lhe errors to hr (;aussian, piirtlcl~larly f(r weakt’r bursts. An area 4 times as

large as the la area may be needed for * 95’% conlidencc leve14. The angulslr

rcsoitltion of the CYCN[TS array is 0.7°3. For the small numkmr O( background

rvcnts expected dllring the bursts, the optil]lidly sizwl square binti is 2.6(] [m m

side, much smaller than the BATSE error box. Thmcfore, we (Iividc an area of

sky 4 times the quoted la error box around (!;wh hllrst into a m)n-iwcrlapping

grid of square bins with dimensions 2. [i” in IIcclination (b) by 2.(;”/ cOY A in right

,asm-mgion (n). We test whether any of these {w150 to -- 1000) bins contains

nme events [iuring the burst period than would ho (!xpectccl from background

f~uctllations. ‘~o ensure sensitivity to a s{mrc~! mm thfi w]ge of n bin m this
grid, the process is r{lpwt(d with the grid shiftd 1/’2 of m hin wi{lth in n, then

I /2 ,~f is bin wn-tih in h, then 1/2 of n bin width in Mh.

‘f’h~ r’xpwtrd number of hackgmml ~*vmlts ill il bin with dcclin~tion d imd
tlt Nlr it[l~l(! Htl is Colllpllt(!d frulll
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Figure 1, Inte@ number distribution of the 56 BATSE catalog bursts an a
function of pos;-trial burst probability Pf. The d~shed line shows the expected

distribution, which exhibits a discontinuous jump at ]oglo F - 0,0 due to the

finite number of bursts e.xpectcd to hmve no events in the entire rum searched.

tn recount for searching the clistribution for the ni(wit significant deviation, the

prolmhility is 8Y0, consistent with the l~ypothmis of nil sigrml.

Flux Limit? The (90% CI,) u~pm limit on the IIIIX of photons nhove m
vnergy E is given by

N,J !.,( :> E )0
f“~(>};) ~~~--- ““

R.,/j
(2)

erp

where N,d is the (90Y0 CL) upper limit on t}w number of source events, ~c,( > E )
is the rd. pnrt;cle cosmic r~y fhx (drove the wmrgy k’), fl is lhe angular size of

the bin wed, 1) is the fraction of murca events o.tpect,wl ti, fall in this kin, rmd
117 in the rntio of the efficiency of detecting source phot(ms to thmt of de: ecting

cosmic rnys. We ttie fm from the mennurwl values of t h~ cosmic ray proton

flux wld the r~tio of lJf the d-pwtir[c fhx t{) the pr[]h):l flIIXd:

()
/rr(>E) = 1.8X 10 g * ,;v. ‘70 f”?rlas ‘.lr ‘..

A Monte (hrlo simulation thnt tduw inh) nrxvmnt ~lncrrt~illtirs



The fluence upper limit 4,,/ depends strongly on the assmned spectrum. For n
differential power-law spectrum d:V/ dE x E ‘1,

OIJ(>E) = Fu/(>E)TE’-v---::, (;i
(t d

where ‘1’ is the hllrst duraticm. F’r~ra spect. rllru the SaIIIe M h:wkground cosmic

rays, typical fluence lilnits @,,~(;> 100 ‘rl?v)= 10-6wg cm ~.

G.B~_?2 QT?Q The accurately located I,:]rst [;RR !220720 (13ATSE trigger
# 171 l)occurred at ( 195(lcoordinntes) f~ = l!),l.!)~I”, and b -: 37.01°, which yiel[l i~

zenith angle cd’05.5°. The burst lasted 7 secon(ls, (iuring which time we ohswved

no events within 2.2° of it. The flux upper Iilnit for this burst /,,1( > 100 TeV) =

8 x 10- ‘o cm-2 sec “1; the fluence upper limit @U/(.~ 100 “reV) .= 2 x 10 “-6erg

cm-z,

Conclusion For the 57 visible bursts, wo saw no ~vidence of emission of

ultra-high-energy radiation.
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